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1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The semiconductor device which comes to have two or more electrodes which consist 
of one or more sorts of ingredients chosen from the group which consists of the platinum and 
gold which touch a fullerene thin film and this, silver, copper, aluminum, an indium, the tin oxide, 
indium oxide, a zinc oxide, and carbon, and is characterized by at least one electrode being an 
aluminum electrode. 

[Claim 2] The semiconductor device according to claim 1 characterized by a fullerene thin film 
being a thin film which consists of carbon clusters. 

[Claim 3] The semiconductor device according to claim 1 or 2 characterized by a fullerene thin 
film being a thin film which consists of a carbon cluster C60 and/or a carbon cluster C70. 
[Claim 4] The semiconductor device according to claim 1 to 3 characterized by being one or 
more sorts chosen from the group which a fullerene thin film becomes from the vacuum 
deposition film, the cast film, and the polymer distribution film. 

[Claim 5] The semiconductor device according to claim 1 to 4 to which an aluminum electrode is 
characterized by having an aluminum oxide layer in an interface with a fullerene thin film. 
[Claim 6] The semiconductor device according to claim 1 to 5 to which an electrode is 
characterized by being a gap electrode or a sandwiches electrode. 

[Claim 7] The semiconductor device according to claim 1 to 6 to which a semiconductor device 
is characterized by being a rectifying device. 

[Claim 8] The semiconductor device according to claim 1 to 6 to which a semiconductor device 
is characterized by being a photosensor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the semiconductor device which has 
the outstanding rectifying action and the outstanding photoconductivity with respect to an 
organic-semiconductor component. 
[0002] 

[Description of the Prior Art] In the field of a semiconductor device, inorganic substances, such 
as sulfuration cadmium NIUMU, a zinc oxide, crystal silicon, an amorphous silicon, and gallium 
arsenide, have been used conventionally. These are used for a transistor, a rectifying device, IC 
and LSI, the photosensor, the solar battery, etc. However, in order to produce a semiconductor 
device using these inorganic substances, it was what advanced vacuum devices, an advanced 
film production technique, advanced purity regulation, etc. are required, and cannot be released 
easily. 

[0003] On the other hand, the versatility of the organic substance, semi-conductor nature, etc. 
began to attract attention, and great research has been made about the semi-conductor nature 
of organic compounds, such as polyacethylene, polypyrrole, and a phthalocyanine, and 
conductivity ("new and a conductive polymer", **** Hiroyuki editorial supervision, CMC, (1987)). 
As a semiconductor device which comes to pinch a conductive polymer or an organic 
semiconductor with a metal especially Polyacethylene, the poly diacetylene, polypyrrole, alpha- 
sesquithienyl, MS component which comes to pinch semi-conductor thin films (S), such as a 
phthalocyanine, with a metal electrode (M), or many components, such as an MIS component 
which comes to pinch the thin film (I) of an insulator in between, are proposed ("Physics of 
Semiconductor Devices" — ) 2nd(s) Edition, S.M.Sze, John Wiley & Sons, NY (1981), D.Fichou, 
F.Garnier et al., CHEMTRONICS, 1988 or 176 pages. These organic compounds show the semi- 
conductor nature of P type or N type, and when it pinches with the small electrode of a work 
function, and the large electrode of a work function, they show a rectifying action. For example, 
in the case of alpha-sesquithienyl (D. Fichou, F.Garnier et al., CHEMTRONICS, 1988 or 176 
pages), when this is pinched with aluminum and an indium-tin-oxide (or gold) electrode, **1 V 
show the rectifying action of 100 times or more. Furthermore, the example (Pt| polypyrrole | poly 
thiophene |ln, M.Aizawa, H.Shirakawa, Synth.Met., No. 18, and 711 pages (1987)) which built the 
rectifying device, and the example (H. Koezuka, et al., Synth.Met., No. 18, and 699 pages (1987)) 
which built FET are also known for junction of a different-species conductive polymer. Moreover, 
a phthalocyanine etc. shows a photoconductivity, the application to a solar battery etc. is 
considered, and the solar battery pinched with aluminum and ITO glass (electrically conductive 
glass by the indium oxide - tin-oxide thin film) is examined. 
[0004] 

[Problem(s) to be Solved by the Invention] the above-mentioned organic compound — general - 
- the instability (the air in polyacethylene — ) of S layers, i.e., a conductive polymer layer, or an 
organic-semiconductor layer the fall (alpha-sesquithienyl — ) of repeatability by mixing of an 
impurity, such as instability over humidity etc., and instability after doping A phthalocyanine etc. 
does not have the solvent which dissolves only concentrated-sulfuric-acid extent, and 
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improvement in purity is very difficult for it. Indeterminacy at the time of component formation 
(mixing of the catalyst by the vapor phase polymerization, electrolytic polymerization, etc., an 
electrolyte, etc.) Mixing of the impurity by the pyrolysis at the time of vacuum deposition, such 
as alpha-sesquithienyl and a phthalocyanine, Neither has resulted in utilization by the corrosion 
(corrosion of the electrode by the dopant, promotion of oxidization of an aluminum electrode 
which is looked at by the phthalocyanine, etc.) of the electrode after component formation, the 
mechanical brittleness (if vacuum deposition film, such as alpha-sesquithienyl and a 
phthalocyanine, is rubbed, it will separate) of a thin film, etc. Furthermore in a solar battery, it 
has not resulted [ from the lowness of conversion efficiency ] in the degradation with the 
passage of time and utilization. It is electrophotography photo conductor extent using the 
polymer battery which used the poly aniline, the capacitor using TCNQ, a phthalocyanine, etc. 
which was slightly put in practical use with the organic substance, and the present condition is 
that an outstanding result cannot be found. 
[0005] 

[Means for Solving the Problem] this invention persons take an example by the various faults like 
the above of organic semiconductors including the conventional conductive polymer. As a result 
of inquiring wholeheartedly that these should be improved, a fullerene thin film is used. While 
forming from one or more sorts of ingredients chosen from the group which prepares two or 
more electrodes so that this may be touched, and consists this electrode of platinum, gold, 
silver, copper, aluminum, an indium, the tin oxide, indium oxide, a zinc oxide, and carbon By using 
the at least one electrode as an aluminum electrode, a semiconductor device is easily obtained 
with sufficient repeatability, and it finds out that said technical problem is also solvable, and 
came to complete this invention. 

[0006] That is, this invention comes to have two or more electrodes which consist of one or 
more sorts of ingredients chosen from the group which consists of the platinum and gold which 
touch a fullerene thin film and this, silver, copper, aluminum, an indium, the tin oxide, indium 
oxide, a zinc oxide, and carbon, and at least one electrode offers the semiconductor device 
characterized by being an aluminum electrode. 

[0007] Hereafter, this invention is explained in detail. The fullerene thin film used by this 
invention is a thin film formed using fullerene. here, it becomes fullerene from sp2 carbon — it is 
the generic name of the carbon cluster of the shape of spherical or a Rugby ball, and, generally 
C60, C70, C76, C78, and C84 grade are known. These contain carbon in arc discharge or the 
middle class of soot which carry out resistance heating, and it was made to evaporate, it 
quenched with inert gas, such as helium, and was generated, and C60 (for example, Nature(s), 
such as Kraetschmer, No. 347, 354 etc. pages (1990), etc.) contains them. [ most ] And the 
mixture of the above-mentioned carbon cluster is obtained from this soot by extracting, for 
example with solvents, such as a hexane, benzene, toluene, a mesitylene, and a carbon disulfide, 
for refining this mixture furthermore and isolating respectively — usually — purification of an 
organic compound — business — **** — a chromatography — technique (for example, Nature 
(s), such as Kraetschmer, No. 347, 354 etc. pages (1990), etc.) can be used. In this invention, the 
mixed fullerene by which composition and isolation perform extract and insoluble impurity 
removal, and are acquired from the soot containing C60 or C70, or these is used preferably. 
[ easy ] 

[0008] A fullerene thin film can be formed by various kinds of film production approaches, and 
can be used, for example, the vacuum deposition film, the cast film, the polymer distribution film, 
etc. can be used. According to the technique of general vacuum deposition, fullerene is heated 
under the vacuum of 5x10 to 5 or less torrs using a metallicity boat or an alumina nature boat 
(the volume thin film handbooks and for 131st committee of the Japan Society for the Promotion 
of Science thin film, Ohm-Sha (1984), etc.), and the vacuum deposition film can form a thin film 
by putting a substrate on the upper part or lower part. Under the present circumstances, the 
need may be accepted, and a substrate may be heated or cooled. When a thin film is amorphous 
when a substrate is cooled, and it heats more than a room temperature or it, it is obtained as a 
crystallized state. The vacuum deposition film of these fullerene is very firmly [ stably ] firm in 
air. For example, the conventional phthalocyanine, alpha-sesquithienyl, etc. will separate, if it 
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rubs, and to being inferior to a mechanical strength so that it can exfoliate easily with a Scotch 
tape etc., even if it rubs the vacuum evaporationo film of fullerene, it does not separate easily, 
but it is firm film which cannot exfoliate and is excellent in a Scotch tape at a mechanical 
strength. 

[0009] The cast film is the means which uses the property which for example, fullerene dissolves 
in aromatic hydrocarbon, such as benzene, toluene, and a mesitylene, a carbon disulfide, n- 
hexane, etc., and can create a thin film simple. Namely, make it dissolve in the above-mentioned 
solvent etc., and it is dropped on a substrate, or a substrate is fixed on a spinner. After the 
above-mentioned solution is dropped, make it rotate at a suitable rotational frequency, and thin- 
film-ize a spinner. Or with the means of thin-film-izing the solution dropped on the substrate 
using a bar coating machine or a doctor blade, it can thin-film-ize and, subsequently a film can 
be produced air drying, heat, or by drying with means, such as carrying out a vacuum drying. 
[0010] The polymer distribution film can be produced with the same means as the above- 
mentioned cast film, after adding fullerene in the solution of a polymer and making it dissolve or 
distribute. As the distributed approach, the pigment-content powder technique, such as a paint 
shaker, a spec. SUMIKI sir mill, a sand mill, a ball mill, ATORATA, and a kneader, can be used. As 
a polymer which can be used here, although there is especially no limit, when an example is 
given, there are copolymers, such as fluorination polymers, such as vinyl system polymers, such 
as saturated polyester, unsaturated polyester, a polycarbonate, a polyvinyl chloride, Pori acetic- 
acid vinyl, a poly vinyl carbazole, and styrene, fluoride poly vinylidene, and fluoride polyvinyl, and 
a styrene maleic acid, etc. Moreover, for example, liquid crystal macromolecules, such as a 
polyacrylate system liquid crystal macromolecule and a polysiloxane system liquid crystal 
macromolecule, can also be used. 

[001 1] In order to pull out the semi-conductor nature which was excellent in fullerene, it is 
required to prepare two or more electrodes which touch a fullerene thin film. What consists of 
one or more sorts of ingredients chosen from the small aluminum of a work function or the large 
platinum of a work function, gold, silver, copper, an indium, the tin oxide (for example, Nesa 
glass), indium oxide, indium oxide - the tin oxide (for example, ITO glass), a zinc oxide, and 
carbon (graphite, glassy carbon) as an electrode is used, and let especially at least one of the 
electrodes of these be an aluminum electrode. When using as a semiconductor device especially 
a transistor, a rectifying device, etc., it is necessary to prepare the small electrode of the above- 
mentioned work function, and the large electrode of a work function. However, if an aluminum 
electrode is used, especially, a semiconductor device can show a bidirectional rectifying action 
and can use it as a bidirectional switching element, a bidirectional rectifying device, etc. 
Furthermore, if this electrode is put to air after forming an aluminum electrode, a very thin 
aluminum oxide layer will be formed in a front face. The component of this invention constituted 
by forming a fullerene thin film besides and subsequently forming the electrode of arbitration also 
shows a higher rectification ratio, and will become still more desirable as a rectifying device. 
Moreover, also when using as a photosensor, a big photocurrent can be acquired by using what 
was mentioned above as an electrode and using aluminum for each other electrode or one 
electrode. Especially with the component which formed and obtained the aluminum oxide layer to 
the interface of an electrode and a fullerene thin film like the above, a still bigger photocurrent 
can be acquired and it will become desirable. 

[0012] A metal plate, a carbon plate, a thin film, the conductive paint film, etc. can be used for 
an electrode with any gestalt. When using it with the gestalt of a thin film, it can be used with the 
means of a metallic foil, the vacuum evaporationo film, the sputtering film, an electrodeposited 
film, the spray pyrolysis film, etc., thin-film-izing. Moreover, a conductive paint (for example, 
silver, a carbon content coating) can be applied, and an electrode can also be formed. Here, 
when preparing an electrode by film production or spreading, a semiconductor device is 
preferably formed using a substrate. As this substrate, there is especially no limit and it should 
just be an insulating thing. Moreover, especially when using tabular electrodes, such as a metal 
plate and a carbon plate, it is not necessary to use a substrate. 

[0013] As a configuration of an electrode, gap electrodes, such as a parallel pole or a gear-tooth 
electrode of a comb, or the sandwiches electrode prepared so that a fullerene thin film may be 
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pinched can be used, for example. Thickness of an electrode can be made arbitrary, when using 
it as a semiconductor device, especially a rectifying device, or when using it as a photosensor 
with a gap electrode. Moreover, although especially a limit does not have the gap width of face of 
a gap electrode, since a current will become small if gap width of face is large, the gap of 1mm or 
less is desirable. Moreover, since a current value becomes [ the longer one ] large and a big 
response is obtained, gap length is suitable. Also in a gap electrode, if the gear-tooth electrode 
of a comb is used, since gap length can do it still longer, it is more desirable. On the other hand, 
when using it as a photosensor with a sandwiches electrode, the electrode of the side which 
carries out incidence of the light needs to be translucent. Although the range whose permeability 
of light is 98% - 0.1% is used when using an oxide electrode, the responsibility over light has the 
high one where the permeability of light is larger. In the case of a metal electrode, the 
responsibility over light has the high one where the permeability of light is larger, but if 
permeability is too large, an electrode will not conduct a current. Therefore, as for the 
permeability of light, 50% - 0.1% of range is used suitably. 

[0014] Moreover, about the thickness of the fullerene thin film which constitutes a 
semiconductor device, when using a gap electrode, that there should just be thickness of at least 
1 molecule, it can use in 1 0A - 100 micrometers, and especially the range of 10A - 10 
micrometers is used especially suitably. Since each other electrode will short-circuit if too thin 
when using a sandwiches electrode, a certain amount of thickness is required. In this case, the 
range of 100A - 100 micrometers is suitable for the thickness of a fullerene thin film, and it is 
especially formed in 200A - 10 micrometers preferably. 

[0015] The semiconductor device of this invention constituted using a fullerene thin film and an 
electrode which were explained above is explained using a drawing. Each drawing 1 -4 shows an 
example of the semiconductor device of this invention. Each of drawing 1 and drawing 2 is what 
showed an example of a semiconductor device and a circuit which used the gap electrode, and it 
is the sectional view where (a) meets a top view and (b) meets the A-A line in (a). For an 
insulating substrate, 2a, and 2b, as for a fullerene thin film and 4, an electrode and 3 are [ the 
sign 1 in drawing / DC power supply and 5 ] ammeters. The semiconductor device shown in 
drawing 1 is prepared so that gear-tooth electrode 2a of two combs and 2b may have few gaps 
and may gear on an insulating substrate 1, and the fullerene thin film 3 is further formed in the 
top face. Moreover, electrode 2a and 2b are connected through DC power supply 4 and an 
ammeter 5. Furthermore, protective coats, such as wrap insulation polymer film or an insulating 
metallic oxide, can also be formed for the fullerene thin film 3 if needed. Or the fiillerene thin film 
3 can be formed on an insulating substrate 1 like drawing 2 (b), and it can also consider as the 
configuration which prepared gear-tooth electrode 2a of a comb, and 2b in the top face further. 
The semiconductor device using such a gap electrode can be suitably used as a photosensor, it 
is in the condition which impressed electric field to electrode 2a and 2b from the power source 
4, and if light is irradiated by the fullerene thin film 3, the current value between electrode 2a and 
2b will change. This amount of current value changes is detected by the ammeter 5, and can 
measure the optical reinforcement irradiated based on this. 

[0016] The semiconductor device of this invention which used the gap electrode for drawing 2 , 
and other examples of a circuit are shown. The fullerene thin film 3 is formed on an insulating 
substrate 1, and, as for the semiconductor device of this example, two parallel-pole 2a and 2bs 
are prepared in that top face. Furthermore, protective coats, such as wrap insulation polymer 
film or an insulating metallic oxide, can also be formed for electrode 2a, 2b, and the fullerene thin 
film 3 if needed. Or parallel-pole 2a and 2b can be prepared on an insulating substrate 1 like 
drawing 1 (b), and it can also consider as the configuration in which the fullerene thin film 3 was 
formed on the top face. 

[0017] Drawing 3 and drawing 4 are what showed the example of the semiconductor device 
which used the sandwiches electrode, and it is the sectional view where (a) meets a top view 
and (b) meets the A-A line in (a). The 1st three electrode 2a, 2a, and 2a with which the 
semiconductor device shown in drawin g 3 was formed in the shape of a strip of paper on the 
insulating substrate 1 is formed in parallel. It is prepared so that the 1 st electrode 2a, 2a, and 2a 
of the above, and 2nd three electrode 2b, 2b and 2b which the fullerene thin film 3 was formed in 
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the insulating substrate 1 and the top face of these 1st electrodes 2a, 2a, and 2a, and were 
further formed in the shape of a strip of paper on this fullerene thin film 3 may cross at right 
angles in parallel. Furthermore, protective coats, such as wrap insulation polymer film or an 
insulating metallic oxide, can also be formed for the 2nd electrode 2b, 2b, 2b, and fullerene thin 
film 3 if needed. Here, the number of the 1st electrode and the 2nd electrodes is set as the 
number of one or more arbitration, respectively, and can carry out things. The semiconductor 
device using such a sandwiches electrode is used suitable for the integrated rectifying devices 
(for example, switching element etc.), for example, can drive liquid crystal, ECD, etc. Or it is 
suitably used also as photosensors (for example, image sensors etc.). Electric field can be 
impressed to the 1st electrode and 2nd electrode which go direct mutually from an outdrive unit 
(not shown) in these cases, and it can use as a rectifying device or a photosensor. 
[0018] Drawin g 4 shows other examples of the semiconductor device of this invention which 
used the sandwiches electrode. 2nd electrode 2b is prepared on an insulating substrate 1 , all 
oi/er the this insulating-substrate 1 and 2nd electrode 2b top, the fullerene thin film 3 is formed 
and, as for this thing, the 1st electrode 2a, 2a, and 2a formed in the shape of a strip of paper on 
the fullerene thin film 3 is formed further. The number of these 1st electrode 2a is set as the 
number of one or more arbitration, and can carry out things. In addition, what kind of 
configurations, such as not only the shape of a strip of paper but a circle, an ellipse, etc., are 
sufficient as 1st electrode 2a. 2nd electrode 2b leaves one edge section 1a of substrate 1 top 
face, and is formed in band-like [ thick ]. Moreover, the 1st electrode 2a, 2a, and 2a It intersects 
perpendicularly with the longitudinal direction of 2nd electrode 2b formed previously, it is 
prepared so that it may be crossed and located on edge section 1a of the above-mentioned 
insulating substrate 1 from on 2nd [ of a parenthesis ] electrode 2b, and it can prevent un- 
arranging [ which wiring from the 1st electrode and 2nd electrode short-circuits by this ]. 
Moreover, protective coats, such as insulating polymer film or an insulating metallic oxide, can 
also be formed if needed on the 1st electrode 2a, 2a, and 2a and the fullerene thin film 3. Thus, 
the constituted semiconductor device can be used effective in an independent rectifying device, 
a transistor, a photosensor, etc. 

[0019] In addition, the semiconductor device of this invention is not limited to the configuration 
of the above-mentioned example, and various gestalten are possible for it and it may consist of a 
crystal, powder, etc. Furthermore, various gestalten can be taken by the purpose of using a 
semi-conductor, and based on these purposes, the configuration of an electrode and a 
component is changed suitably and it deals in it. 
[0020] 

[Example] (Example 1 of reference) 

The semiconductor device which has the configuration shown in drawin g 1 was produced. On 
slide glass 1, gear-tooth electrode 2a of a comb with gap width of face of 0.10mm, ten electrode 
overlap, and an electrode overall length of 50mm and 2b were formed with vacuum deposition. 
Gold was used for electrode 2a and 2b, and it stuck to the thickness of 500A under the vacuum 
of 5x10-5torr. The slide glass 1 in which this electrode 2a and 2b were formed was put on 20cm 
on the alumina crucible of a vacuum deposition machine, and it vapor-deposited, having put the 
carbon cluster C60 into the crucible made from an alumina, and heating at 520-550 degrees C 
under the vacuum of 5x10-6torr (5A/(second)), the vacuum deposition film 3 of C60 was stuck 
to the thickness of 300A, and the semiconductor device was produced. They are 
wavelength;400nm and optical on-the-strength;7 mW/cm2, impressing the electric field of 10V to 
this component. When the homogeneous light was irradiated, the photocurrent of 55pA was 
detected. It is optical reinforcement 0.1, 0.5, 1.0 and 2.0, and 5.0 mW/cm2 When it was made to 
change, the photocurrent also increased along with the increment in optical reinforcement. 
Subsequently, although this component was left for one month in atmospheric air, it was 
changeless to a photocurrent Moreover, although the Scotch tape was stretched on the vacuum 
deposition film of C60 and subsequently being removed, C60 vacuum-deposition film has arrived 
at the substrate firmly, and did not separate. Furthermore, although the epoxy resin performed 
the protection coat on the front face of this component, it was almost changeless to a 
photocurrent. Therefore, the component obtained in this example of reference had the engine 
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performance which was excellent as a photosensor. 
[0021] (Example 1 of a comparison) 

Like the above-mentioned example 1 of reference, on electrode 2a formed on slide glass 1, and 
2b, vacuum deposition of the non-metal phthalocyanine was similarly carried out instead of the 
carbon cluster C60, and the thin film 3 was formed. When the same homogeneous light as the 
example 1 of reference was irradiated, the photocurrent of 1 5nA was observed. However, when 
this component was left for one month in atmospheric air, the photocurrent fell clearly. 
Moreover, when the Scotch tape was stuck and having been stripped on the non-metal 
phthalocyanine vacuum evaporationo film, the thin film of a non-metal phthalocyanine peeled 
altogether with the Scotch tape. Furthermore, when a protection coat is carried out with an 
epoxy resin, most photocurrents are no longer observed by the fatal thing. 
[0022] (Example 1) 

In the example 1 of reference, the semiconductor device was similarly produced as electrode 2a 
and 2b except using aluminum instead of gold. When the homogeneous light as well as the 
example 1 of reference was irradiated, the photocurrent of 600pA was observed. The 
photocurrent was observed even if it changed the wavelength of the homogeneous light with 
300,500,600,700nm. Therefore, it was admitted that this component could detect a photocurrent 
in a visible region from ultraviolet. Furthermore, when applied voltage was set to 100V, it was 
admitted by a photocurrent' s becoming 10 times and impressing large electric field that an 
optical large response was obtained. 
[0023] 

[0024] (Example 2) 

The semiconductor device was produced in the above-mentioned example 1, using the cast film 
as a fullerene thin film 3. Like the example 1, using the spinner, the liquid made to dissolve the 
carbon cluster C60 in toluene was dropped, the cast film 3 of C60 was produced, the vacuum 
drying was carried out and the semiconductor device was produced at 100 more degrees C for 1 
hour on electrode 2a which vapor-deposited aluminum on slide glass 1, and 2b. 1V are impressed 
to this component and they are 400nm and 5 mW/cm2. When the homogeneous light was 
irradiated, the photocurrent of 425pA was observed. 
[0025] (Example 3) 

The semiconductor device which has the configuration shown in drawing 4 was produced. Width 
of face of 0.5cm and die length of 3cm were etched with the hydrochloric acid on 3cm 2cmx 
indium tin glass (ITO glass) 1, the conductive film was removed (part equivalent to 1 in drawing 4 
a), and the conductive remaining film was made into indium oxide (ITO) electrode 2b. On this 
electrode 2b f the polymer distribution film 3 of C60 was produced for the dispersion liquid (60; 
20mg of C, vinyl acetate;20mg, ethyl acetate; dispersion liquid which put the glass bead into 
200mg and were distributed with the paint shaker for 1 hour) which made vinyl acetate / ethyl- 
acetate solution distribute C60 using bar coating-machine #10. The vacuum drying of this film 3 
was carried out at 100 degrees C for 1 hour. Thickness was 1 micrometer. Subsequently, 
aluminum (width-ofH^ce [ of 0.5cm 1 die length of 1.5cm) electrode 2a was formed with three 
pieces and vacuum deposition on this film 3. From the function generator, the triangular wave of 
-2V to +2V was impressed at a scanning speed of 0.001Hz between this indium oxide electrode 
2b and aluminum electrode 2a. The current-voltage characteristic at this time was shown in 
drawin g 5 . The rectifying action was shown so that clearly from drawing 5 . On this component, 
although 3 sets of electrodes were formed, the repeatability was good. Moreover, even if it 
carried out the protection coat of the whole with the epoxy resin, the current-voltage 
characteristic hardly changed. Therefore, it was admitted that this component was an 
outstanding rectifying device. 
[0026] (Example 4) 

In the above-mentioned example 3, except having replaced with the indium oxide electrode and 
having prepared tin-oxide electrode 2b by using NESA glass instead of ITO glass, when the 
semiconductor device was produced similarly, this thing showed the good rectifying action like 
the thing of an example 3. 
[0027] (Example 2 of a comparison) 
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In the above-mentioned example 3 t the semiconductor device was similarly formed except using 
a non-metal phthalocyanine instead of C60. Also in this case, the rectifying action was shown 
similarly. However, when a protection coat was carried out with an epoxy resin, the rectifying 
action decreased greatly. 
[0028] (Example 5) 

The semiconductor device which has the configuration shown in drawin g 4 was produced. Up 
0.5mmx3cm of the 2cmx3cm glass substrate 1 was covered, and on this substrate 1 , vacuum 
deposition of the aluminum was carried out to the thickness of a 200 ONGUSU toe ROM, and it 
considered as electrode 2b (permeability of the 400nm homogeneous light; 2.18%). Furthermore, 
on this, vacuum deposition of C60 was carried out to 1000A thickness like the example 1 of 
reference, and the vacuum deposition film 3 of C60 was formed. Subsequently, on it, vacuum 
deposition of the two a3 0.5cmx1.5cm aluminum electrodes was carried out, and the 
semiconductor device was formed. When the triangular wave which is -1 V to +1 V was impressed 
to this component from the function generator (scanning speed; 0.002Hz), the current-voltage 
characteristic showed the bidirectional rectifying action as shown in drawing 6 . Moreover, 
repeatability was good about three electrodes. 
[0029] (Example 3 of a comparison) 

2000A of alpha-sesquithienyls was vapor-deposited on the top face of the glass plate 1 in which 
aluminum electrode 2b was formed, like the example 5 (20A/(second)). If it is very hard to vapor- 
deposit alpha-sesquithienyl and it is vapor-deposited slowly, it will serve as film which 
decomposed and contained many impurities. Although decomposition will decrease if it vapor- 
deposits quickly (20A/(second) or more), an impurity is contained too. Subsequently, 
0.5cmx1.5cm aluminum electrode 2a was prepared by three-piece vacuum evaporationo. The 
triangular wave of -2 to +2V was impressed to this component from the function generator 
(0.002Hz). This component showed a rectifying action, or did not show it, and its repeatability 
was very bad. 
[0030] (Example 6) 

The homogeneous light of wavelength;400nm and on-the~strength;700 microwatt/cm 2 was 
irradiated from the glass plate 1 side at the electrode, impressing 0.1V to aluminum electrode 2a 
of the semiconductor device obtained in the example 5, and 2b. The photocurrent of 535nA was 
observed at this time. When changing the wavelength of exposure light, the photocurrent has 
been observed to the 800nm homogeneous light. Moreover, by the homogeneous light with a 
wavelength of 400nm, when changing optical reinforcement, the photocurrent also increased 
according to exposure light reinforcement. Moreover, repeatability was good about three 
electrodes. 
[0031] (Example 7) 

The semiconductor device which has the configuration shown in drawing 4 was produced. Up 
0.5mmx3cm of the 2cmx3cm glass substrate 1 was covered, on this substrate 1 , platinum was 
stuck by sputtering and platinum-electrode 2b was formed. Subsequently, the polycarbonate 
polymer distribution film 3 of C60 was formed with the spinner, and it dried. Subsequently, 
aluminum electrode 2a was formed with vacuum deposition. The rectifying action was observed 
when the triangular wave of +1 V was impressed from -1 like the example 5. 
[0032] (Example 8) 

When the platinum vacuum evaporationo film was replaced with the carbon-shadowing film in the 
above-mentioned example 7 and carbon-electrode 2b was prepared, the rectifying action was 
shown similarly. 
[0033] (Example 9) 

In the above-mentioned example 5, except using C70 instead of C60, similarly, when the 
semiconductor device was obtained and measured, the current-voltage characteristic showed 
the same bidirectional rectifying characteristic. 
[0034] (Example 10) 

In the example 7, silver electrode 2b was formed with vacuum deposition instead of the platinum 
electrode. This component showed the rectifying action like drawin g 5 similarly. Moreover, the 
photocurrent was observed when on-the-strength 1 mW/cm2 and the 450nm homogeneous light 
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were irradiated from an aluminum electrode side. 
[0035] (Example 11) 

In the example 7, copper-electrode 2b was formed with vacuum deposition instead of the 
platinum electrode. This component showed the rectifying action like drawing 5 similarly. 
Moreover, the photocurrent was observed when on-the-strength 1 mW/cm2 and the 450nm 
homogeneous light were irradiated from an aluminum electrode side. 
[0036] (Example 12) 

In the example 3, instead of ITO glass and an indium oxide electrode, when others were 
performed like the example 3 using what formed zinc-oxide electrode 2b by sputtering on the 
glass substrate 1 , the same rectifying action was observed. 
[0037] (Example 13) 

The same component as an example 5 was formed. First, after forming aluminum electrode 2b on 
a substrate, it once took out in air and was left under the room temperature for 24 hours. Then, 
it put in in the vacuum evaporation system, vacuum deposition of C60 was carried out to 1000A 
thickness like the example 5, and the vacuum deposition film 3 of C60 was formed. Then, two 
pieces were vapor-deposited for 0.5cmx1.5cm aluminum electrode 2a, one piece was vapor- 
deposited for the golden electrode, respectively, and the semiconductor device was formed. The 
permeability of electrode 2a (aluminum, gold) and 400nm homogeneous light of 2b was 2%. After 
component formation, also when the current- voltage characteristic of -1-+1 V was measured 
immediately, and electrode 2a was any of aluminum and gold, a rectifying characteristic like 
drawing 5 was shown. Moreover, when 1 V were impressed between electrode 2a and 2b, 2 was 
irradiated at aluminum electrode 2b and the homogeneous light was irradiated at the wavelength 
of 400nm on the strength of 5mW/cm, as compared with the time of irradiating the same light as 
aluminum electrode 2a or golden electrode 2a, the about 25 times as many photocurrent as this 
was observed. When argon etching of this component was carried out from the electrode 2a side 
using ESCA and the presentation of the membranous thickness direction was analyzed, it was 
admitted that the aluminum oxide existed in the interface of C60 film 3 and aluminum electrode 
2b. 

[0038] (Example 2 of reference) 

Commercial crude soot was refined and C60 and C70 were obtained. First, 4g (vacuum 
metallurgy incorporated company make) of crude soot containing fullerene was put into the 
extraction thimble, and it extracted by n-hexane;200ml for 24 hours using the Soxhlet extractor. 
Subsequently, the solvent was changed into mesitylene;200ml and the extract was performed for 
further 24 hours. When the first n-hexane solution was analyzed by liquid chromatography (silica 
gel - n-hexane), the ratio of C60:C70 is 9:1 and did not contain most of 70 or more C fullerene. 
The ratio of C60:C70 is about 6:4, and the mesitylene extract was carrying out variety content of 
the 70 or more C fullerene. n-hexane extract was condensed by the evaporator and 0.26g 
fullerene mixture was obtained. Using the ODS column, the mixed solvent of a 2-propanol / 
toluene;6/4 was used as the developing solution, and 0.21 g and 0.02g of high grades C70 were 
obtained for the high grade C60 using inside low voltage preparative chromatograph. The 
mesitylene extract was condensed by the evaporator and mixed fullerene 0.1 3g was obtained. It 
isolated preparatively by the chromatograph similarly and mixture;0.01g of 60; 0.07g of high 
grades C, 70; 0.04g of high grades C, and other fullerene was obtained. Mixture contained C76, 
C78, C84, and fullerene with still larger molecular weight from GC-MS analysis. 
[0039] 

[Effect of the Invention] As explained above, the semiconductor device of this invention comes 
to have two or more electrodes which touch a fullerene thin film and this, and at least one 
electrode consists of small aluminum electrodes of a work function. Therefore, when especially 
two electrodes consist of aluminum, a bidirectional rectifying action can be shown and it can be 
used as a bidirectional switching element, a bidirectional rectifying device, etc. moreover, when a 
very thin aluminum oxide layer is formed in the aluminum electrode surface which touches C60 
interface A bigger photocurrent can be acquired, also when a higher rectification ratio is shown 
and it uses as a photosensor further (for example, in the example 1, photocurrent 600pA of 10 
times or more was obtained [ photocurrent 55pA obtained when gold was used for the two 
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electrodes made into the example 1 of reference ].). The outstanding engine performance is 
shown. Moreover, this semiconductor device shows semi-conductor nature especially a 
rectifying action, and a photoconductivity. And fullerene is easy to compound, and in order to 
dissolve in a solvent, it is easy to refine, and it can obtain a high grade article easily. Moreover, 
thermal resistance is also high, since the decomposition at the time of vacuum evaporationo 
does not take place, either, component-izing is easy and a property with sufficient repeatability 
is acquired. Moreover, it can be used also in the form of the cast film which does not need a 
vacuum, and the polymer distribution film) Therefore, the semiconductor device which is rich in 
stability and repeatability can be easily constituted by using the fullerene thin film which 
produces fullerene and is obtained. Furthermore, since the engine performance does not change 
even if it gives the protection coat which used resin etc., the semiconductor device of this 
invention can be used for an extensive application. Especially, it is broadly applicable to driver 
elements, such as a rectifying device, liquid crystal using a rectifying action, and an ECD 
component, a photosensor, or the image sensors adapting a photosensor function. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] Especially this invention relates to the semiconductor device which has 
the outstanding rectifying action and the outstanding photoconductivity with respect to an 
organic-semiconductor component. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In the field of a semiconductor device, inorganic substances, such 
as sulfuration cadmium NIUMU, a zinc oxide, crystal silicon, an amorphous silicon, and gallium 
arsenide, have been used conventionally. These are used for a transistor, a rectifying device, IC 
and LSI, the photosensor, the solar battery, etc. However, in order to produce a semiconductor 
device using these inorganic substances, it was what advanced vacuum devices, an advanced 
film production technique, advanced purity regulation, etc. are required, and cannot be released 
easily. 

[0003] On the other hand, the versatility of the organic substance, semi-conductor nature, etc. 
began to attract attention, and great research has been made about the semi-conductor nature 
of organic compounds, such as polyacethylene, polypyrrole, and a phthalocyanine, and 
conductivity ("new and a conductive polymer", **** Hiroyuki editorial supervision, CMC, (1987)). 
As a semiconductor device which comes to pinch a conductive polymer or an organic 
semiconductor with a metal especially Polyacethylene, the poly diacetylene, polypyrrole, alpha- 
sesquithienyl, MS component which comes to pinch semi-conductor thin films (S), such as a 
phthalocyanine, with a metal electrode (M), or many components, such as an MIS component 
which comes to pinch the thin film (I) of an insulator in between, are proposed ("Physics of 
Semiconductor Devices" — ) 2nd(s) Edition, S.M.Sze, John Wiley & Sons, NY (1981), D.Fichou, 
F.Gamier et al. f CHEMTRONICS, 1988 or 176 pages. These organic compounds show the semi- 
conductor nature of P type or N type, and when it pinches with the small electrode of a work 
function, and the large electrode of a work function, they show a rectifying action. For example, 
in the case of alpha-sesquithienyl (D. Fichou, F.Garnier et al., CHEMTRONICS, 1988 or 176 
pages), when this is pinched with aluminum and an indium-tin-oxide (or gold) electrode, **1 V 
show the rectifying action of 100 times or more. Furthermore, the example (Pt| polypyrrole | poly 
thiophene |ln, M.Aizawa, H.Shirakawa, Synth. Met., No. 18, and 71 1 pages (1987)) which built the 
rectifying device, and the example (H. Koezuka, et al., Synth.Met., No. 18, and 699 pages (1987)) 
which built FET are also known for junction of a different-species conductive polymer. Moreover, 
a phthalocyanine etc. shows a photoconductivity, the application to a solar battery etc. is 
considered, and the solar battery pinched with aluminum and ITO glass (electrically conductive 
glass by the indium oxide - tin-oxide thin film) is examined. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the semiconductor device of this invention comes 
to have two or more electrodes which touch a fullerene thin film and this, and at least one 
electrode consists of small aluminum electrodes of a work function. Therefore, when especially 
two electrodes consist of aluminum, a bidirectional rectifying action can be shown and it can be 
used as a bidirectional switching element, a bidirectional rectifying device, etc. moreover, when a 
very thin aluminum oxide layer is formed in the aluminum electrode surface which touches C60 
interface A bigger photocurrent can be acquired, also when a higher rectification ratio is shown 
and it uses as a photosensor further (for example, in the example 1, photocurrent 600pA of 10 
times or more was obtained [ photocurrent 55pA obtained when gold was used for the two 
electrodes made into the example 1 of reference ].). The outstanding engine performance is 
shown. Moreover, this semiconductor device shows semi-conductor nature especially a 
rectifying action, and a photoconductivity. And fullerene is easy to compound, and in order to 
dissolve in a solvent, it is easy to refine, and it can obtain a high grade article easily. Moreover, 
thermal resistance is also high, since the decomposition at the time of vacuum evaporationo 
does not take place, either, component-izing is easy and a property with sufficient repeatability 
is acquired. Moreover, it can be used also in the form of the cast film which does not need a 
vacuum, and the polymer distribution film. Therefore, the semiconductor device which is rich in 
stability and repeatability can be easily constituted by using the fullerene thin film which 
produces fullerene and is obtained. Furthermore, since the engine performance does not change 
even if it gives the protection coat which used resin etc., the semiconductor device of this 
invention can be used for an extensive application. Especially, it is broadly applicable to driver 
elements, such as a rectifying device, liquid crystal using a rectifying action, and an ECD 
component, a photosensor, or the image sensors adapting a photosensor function. 
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JPO and NCIPI are not responsible for any 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] the above-mentioned organic compound — general - 
- the instability (the air in polyacethylene — ) of S layers, i.e., a conductive polymer layer, or an 
organic-semiconductor layer the fall (alpha-sesquithienyl — ) of repeatability by mixing of an 
impurity, such as instability over humidity etc., and instability after doping A phthalocyanine etc. 
does not have the solvent which dissolves only concentrated-sulfuric-acid extent, and 
improvement in purity is very difficult for it. Indeterminacy at the time of component formation 
(mixing of the catalyst by the vapor phase polymerization, electrolytic polymerization, etc., an 
electrolyte, etc.) Mixing of the impurity by the pyrolysis at the time of vacuum deposition, such 
as alpha-sesquithienyl and a phthalocyanine, Neither has resulted in utilization by the corrosion 
(corrosion of the electrode by the dopant, promotion of oxidization of an aluminum electrode 
which is looked at by the phthalocyanine, etc.) of the electrode after component formation, the 
mechanical brittleness (if vacuum deposition film, such as alpha-sesquithienyl and a 
phthalocyanine, is rubbed, it will separate) of a thin film, etc. Furthermore in a solar battery, it 
has not resulted [ from the lowness of conversion efficiency ] in the degradation with the 
passage of time and utilization. It is electrophotography photo conductor extent using the 
polymer battery which used the poly aniline, the capacitor using TCNQ, a phthalocyanine, etc. 
which was slightly put in practical use with the organic substance, and the present condition is 
that an outstanding result cannot be found. 
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MEANS 



[Means for Solving the Problem] this invention persons take an example by the various faults like 
the above of organic semiconductors including the conventional conductive polymer. As a result 
of inquiring wholeheartedly that these should be improved, a fullerene thin film is used. While 
forming from one or more sorts of ingredients chosen from the group which prepares two or 
more electrodes so that this may be touched, and consists this electrode of platinum, gold, 
silver, copper, aluminum, an indium, the tin oxide, indium oxide, a zinc oxide, and carbon By using 
the at least one electrode as an aluminum electrode, a semiconductor device is easily obtained 
with sufficient repeatability, and it finds out that said technical problem is also solvable, and 
came to complete this invention. 

[0006] That is, this invention comes to have two or more electrodes which consist of one or 
more sorts of ingredients chosen from the group which consists of the platinum and gold which 
touch a fullerene thin film and this, silver, copper, aluminum, an indium, the tin oxide, indium 
oxide, a zinc oxide, and carbon, and at least one electrode offers the semiconductor device 
characterized by being an aluminum electrode. 

[0007] Hereafter, this invention is explained in detail. The fullerene thin film used by this 
invention is a thin film formed using fullerene. here, it becomes fullerene from sp2 carbon — it is 
the generic name of the carbon cluster of the shape of spherical or a Rugby ball, and, generally 
C60, C70, C76, C78, and C84 grade are known. These contain carbon in arc discharge or the 
middle class of soot which carry out resistance heating, and it was made to evaporate, it 
quenched with inert gas, such as helium, and was generated, and C60 (for example, Nature(s), 
such as Kraetschmer, No. 347, 354 etc. pages (1990), etc.) contains them. [ most ] And the 
mixture of the above-mentioned carbon cluster is obtained from this soot by extracting, for 
example with solvents, such as a hexane, benzene, toluene, a mesitylene, and a carbon disulfide, 
for refining this mixture furthermore and isolating respectively — usually — purification of an 
organic compound — business — **** — a chromatography — technique (for example, Nature 
(s), such as Kraetschmer, No. 347, 354 etc. pages (1990), etc.) can be used. In this invention, the 
mixed fullerene by which composition and isolation perform extract and insoluble impurity 
removal, and are acquired from the soot containing C60 or C70, or these is used preferably. 
[ easy ] 

[0008] A fullerene thin film can be formed by various kinds of film production approaches, and 
can be used, for example, the vacuum deposition film, the cast film, the polymer distribution film, 
etc. can be used. According to the technique of general vacuum deposition, fullerene is heated 
under the vacuum of 5x10 to 5 or less torrs using a metallicity boat or an alumina nature boat 
(the volume thin film handbooks and for 131st committee of the Japan Society for the Promotion 
of Science thin film, Ohm-Sha (1984), etc.), and the vacuum deposition film can form a thin film 
by putting a substrate on the upper part or lower part. Under the present circumstances, the 
need may be accepted, and a substrate may be heated or cooled. When a thin film is amorphous 
when a substrate is cooled, and it heats more than a room temperature or it, it is obtained as a 
crystallized state. The vacuum deposition film of these fullerene is very firmly [ stably ] firm in 
air. For example, the conventional phthalocyanine, alpha-sesquithienyl, etc. will separate, if it 
rubs, and to being inferior to a mechanical strength so that it can exfoliate easily with a Scotch 
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tape etc., even if it rubs the vacuum evaporationo film of fullerene, it does not separate easily, 
but it is firm film which cannot exfoliate and is excellent in a Scotch tape at a mechanical 
strength. 

[0009] The cast film is the means which uses the property which for example, fullerene dissolves 
in aromatic hydrocarbon, such as benzene, toluene, and a mesitylene, a carbon disulfide, n- 
hexane, etc., and can create a thin film simple. Namely, make it dissolve in the above-mentioned 
solvent etc., and it is dropped on a substrate, or a substrate is fixed on a spinner. After the 
above-mentioned solution is dropped, make it rotate at a suitable rotational frequency, and thin- 
film-ize a spinner. Or with the means of thin-film-izing the solution dropped on the substrate 
using a bar coating machine or a doctor blade, it can thin-film-ize and, subsequently a film can 
be produced air drying, heat, or by drying with means, such as carrying out a vacuum drying. 
[0010] The polymer distribution film can be produced with the same means as the above- 
mentioned cast film, after adding fullerene in the solution of a polymer and making it dissolve or 
distribute. As the distributed approach, the pigment-content powder technique, such as a paint 
shaker, a spec. SUMIKI sir mill, a sand mill, a ball mill, ATORATA, and a kneader, can be used. As 
a polymer which can be used here, although there is especially no limit, when an example is 
given, there are copolymers, such as fluorination polymers, such as vinyl system polymers, such 
as saturated polyester, unsaturated polyester, a polycarbonate, a polyvinyl chloride, Pori acetic- 
acid vinyl, a poly vinyl carbazole, and styrene, fluoride poly vinylidene, and fluoride polyvinyl, and 
a styrene maleic acid, etc. Moreover, for example, liquid crystal macromolecules, such as a 
polyacrylate system liquid crystal macromolecule and a polysiloxane system liquid crystal 
macromolecule, can also be used. 

[001 1] In order to pull out the semi-conductor nature which was excellent in fullerene, it is 
required to prepare two or more electrodes which touch a fullerene thin film. What consists of 
one or more sorts of ingredients chosen from the small aluminum of a work function or the large 
platinum of a work function, gold, silver, copper, an indium, the tin oxide (for example, Nesa 
glass), indium oxide, indium oxide - the tin oxide (for example, ITO glass), a zinc oxide, and 
carbon (graphite, glassy carbon) as an electrode is used, and let especially at least one of the 
electrodes of these be an aluminum electrode. When using as a semiconductor device especially 
a transistor, a rectifying device, etc., it is necessary to prepare the small electrode of the above- 
mentioned work function, and the large electrode of a work function. However, if an aluminum 
electrode is used, especially, a semiconductor device can show a bidirectional rectifying action 
and can use it as a bidirectional switching element, a bidirectional rectifying device, etc. 
Furthermore, if this electrode is put to air after forming an aluminum electrode, a very thin 
aluminum oxide layer will be formed in a front face. The component of this invention constituted 
by forming a fullerene thin film besides and subsequently forming the electrode of arbitration also 
shows a higher rectification ratio, and will become still more desirable as a rectifying device. 
Moreover, also when using as a photosensor, a big photocurrent can be acquired by using what 
was mentioned above as an electrode and using aluminum for each other electrode or one 
electrode. Especially with the component which formed and obtained the aluminum oxide layer to 
the interface of an electrode and a fullerene thin film like the above, a still bigger photocurrent 
can be acquired and it will become desirable. 

[0012] A metal plate, a carbon plate, a thin film, the conductive paint film, etc. can be used for 
an electrode with any gestalt. When using it with the gestalt of a thin film, it can be used with the 
means of a metallic foil, the vacuum evaporationo film, the sputtering film, an electrodeposited 
film, the spray pyrolysis film, etc., thin-film-izing. Moreover, a conductive paint (for example, 
silver, a carbon content coating) can be applied, and an electrode can also be formed. Here, 
when preparing an electrode by film production or spreading, a semiconductor device is 
preferably formed using a substrate. As this substrate, there is especially no limit and it should 
just be an insulating thing. Moreover, especially when using tabular electrodes, such as a metal 
plate and a carbon plate, it is not necessary to use a substrate. 

[001 3] As a configuration of an electrode, gap electrodes, such as a parallel pole or a gear-tooth 
electrode of a comb, or the sandwiches electrode prepared so that a fullerene thin film may be 
pinched can be used, for example. Thickness of an electrode can be made arbitrary, when using 
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it as a semiconductor device, especially a rectifying device, or when using it as a photosensor 
with a gap electrode. Moreover, although especially a limit does not have the gap width of face of 
a gap electrode, since a current will become small if gap width of face is large, the gap of 1mm or 
less is desirable. Moreover, since a current value becomes [ the longer one ] large and a big 
response is obtained, gap length is suitable. Also in a gap electrode, if the gear-tooth electrode 
of a comb is used, since gap length can do it still longer, it is more desirable. On the other hand, 
when using it as a photosensor with a sandwiches electrode, the electrode of the side which 
carries out incidence of the light needs to be translucent Although the range whose permeability 
of light is 98% - 0.1% is used when using an oxide electrode, the responsibility over light has the 
high one where the permeability of light is larger. In the case of a metal electrode, the 
responsibility over light has the high one where the permeability of light is larger, but if 
permeability is too large, an electrode will not conduct a current. Therefore, as for the 
permeability of light, 50% - 0.1% of range is used suitably. 

[0014] Moreover, about the thickness of the fullerene thin film which constitutes a 
semiconductor device, when using a gap electrode, that there should just be thickness of at least 
1 molecule, it can use in 1 0A - 100 micrometers, and especially the range of 1 0A - 10 
micrometers is used especially suitably. Since each other electrode will short-circuit if too thin 
when using a sandwiches electrode, a certain amount of thickness is required. In this case, the 
range of 100A - 100 micrometers is suitable for the thickness of a fullerene thin film, and it is 
especially formed in 200A - 10 micrometers preferably. 

[0015] The semiconductor device of this invention constituted using a fullerene thin film and an 
electrode which were explained above is explained using a drawing. Each drawin g 1 -4 shows an 
example of the semiconductor device of this invention. Each of drawing 1 and drawing 2 is what 
showed an example of a semiconductor device and a circuit which used the gap electrode, and it 
is the sectional view where (a) meets a top view and (b) meets the A-A line in (a). For an 
insulating substrate, 2a, and 2b, as for a fullerene thin film and 4, an electrode and 3 are [ the 
sign 1 in drawing / DC power supply and 5 ] ammeters. The semiconductor device shown in 
drawin g 1 is prepared so that gear-tooth electrode 2a of two combs and 2b may have few gaps 
and may gear on an insulating substrate 1, and the fullerene thin film 3 is further formed in the 
top face. Moreover, electrode 2a and 2b are connected through DC power supply 4 and an 
ammeter 5. Furthermore, protective coats, such as wrap insulation polymer film or an insulating 
metallic oxide, can also be formed for the fullerene thin film 3 if needed. Or the fullerene thin film 
3 can be formed on an insulating substrate 1 like drawing 2 (b), and it can also consider as the 
configuration which prepared gear-tooth electrode 2a of a comb, and 2b in the top face further. 
The semiconductor device using such a gap electrode can be suitably used as a photosensor, it 
is in the condition which impressed electric field to electrode 2a and 2b from the power source 
4, and if light is irradiated by the fullerene thin film 3, the current value between electrode 2a and 
2b will change. This amount of current value changes is detected by the ammeter 5, and can 
measure the optical reinforcement irradiated based on this. 

[0016] The semiconductor device of this invention which used the gap electrode for drawing 2 , 
and other examples of a circuit are shown. The fullerene thin film 3 is formed on an insulating 
substrate 1, and, as for the semiconductor device of this example, two parallel-pole 2a and 2bs 
are prepared in that top face. Furthermore, protective coats, such as wrap insulation polymer 
film or an insulating metallic oxide, can also be formed for electrode 2a, 2b, and the fullerene thin 
film 3 if needed. Or parallel-pole 2a and 2b can be prepared on an insulating substrate 1 like 
drawin g 1 (b), and it can also consider as the configuration in which the fullerene thin film 3 was 
formed on the top face. 

[0017] Drawin g 3 and drawin g 4 are what showed the example of the semiconductor device 
which used the sandwiches electrode, and it is the sectional view where (a) meets a top view 
and (b) meets the A-A line in (a). The 1st three electrode 2a, 2a, and 2a with which the 
semiconductor device shown in drawin g 3 was formed in the shape of a strip of paper on the 
insulating substrate 1 is formed in parallel. It is prepared so that the 1 st electrode 2a, 2a, and 2a 
of the above, and 2nd three electrode 2b, 2b and 2b which the fullerene thin film 3 was formed in 
the insulating substrate 1 and the top face of these 1 st electrodes 2a, 2a, and 2a, and were 
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further formed in the shape of a strip of paper on this fullerene thin film 3 may cross at right 
angles in parallel. Furthermore, protective coats, such as wrap insulation polymer film or an 
insulating metallic oxide, can also be formed for the 2nd electrode 2b, 2b, 2b, and fullerene thin 
film 3 if needed. Here, the number of the 1 st electrode and the 2nd electrodes is set as the 
number of one or more arbitration, respectively, and can carry out things. The semiconductor 
device using such a sandwiches electrode is used suitable for the integrated rectifying devices 
(for example, switching element etc.), for example, can drive liquid crystal, ECD, etc. Or it is 
suitably used also as photosensors (for example, image sensors etc.). Electric field can be 
impressed to the 1st electrode and 2nd electrode which go direct mutually from an outdrive unit 
(not shown) in these cases, and it can use as a rectifying device or a photosensor. 
[0018] Drawing 4 shows other examples of the semiconductor device of this invention which 
used the sandwiches electrode. 2nd electrode 2b is prepared on an insulating substrate 1, all 
over the this insulating-substrate 1 and 2nd electrode 2b top, the fullerene thin film 3 is formed 
and, as for this thing, the 1st electrode 2a, 2a, and 2a formed in the shape of a strip of paper on 
the fullerene thin film 3 is formed further. The number of these 1st electrode 2a is set as the 
number of one or more arbitration, and can carry out things. In addition, what kind of 
configurations, such as not only the shape of a strip of paper but a circle, an ellipse, etc., are 
sufficient as 1st electrode 2a. 2nd electrode 2b leaves one edge section 1a of substrate 1 top 
face, and is formed in band-like [ thick ]. Moreover, the 1st electrode 2a, 2a, and 2a It intersects 
perpendicularly with the longitudinal direction of 2nd electrode 2b formed previously, it is 
prepared so that it may be crossed and located on edge section 1a of the above-mentioned 
insulating substrate 1 from on 2nd [ of a parenthesis ] electrode 2b, and it can prevent un- 
arranging [ which wiring from the 1st electrode and 2nd electrode short-circuits by this ]. 
Moreover, protective coats, such as insulating polymer film or an insulating metallic oxide, can 
also be formed if needed on the 1st electrode 2a, 2a, and 2a and the fullerene thin film 3. Thus, 
the constituted semiconductor device can be used effective in an independent rectifying device, 
a transistor, a photosensor, etc. 

[0019] In addition, the semiconductor device of this invention is not limited to the configuration 
of the above-mentioned example, and various gestalten are possible for it and it may consist of i 
crystal, powder, etc. Furthermore, various gestalten can be taken by the purpose of using a 
semi-conductor, and based on these purposes, the configuration of an electrode and a 
component is changed suitably and it deals in it. 
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JPO and NCI PI are not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] (Example 1 of reference) 

The semiconductor device which has the configuration shown in drawing 1 was produced. On 
slide glass 1, gear-tooth electrode 2a of a comb with gap width of face of 0.10mm, ten electrode 
overlap, and an electrode overall length of 50mm and 2b were formed with vacuum deposition. 
Gold was used for electrode 2a and 2b, and it stuck to the thickness of 500A under the vacuum 
of 5x10-5torr. The slide glass 1 in which this electrode 2a and 2b were formed was put on 20cm 
on the alumina crucible of a vacuum deposition machine, and it vapor-deposited, having put the 
carbon cluster C60 into the crucible made from an alumina, and heating at 520-550 degrees C 
under the vacuum of 5x10-6torr (5A/(second)), the vacuum deposition film 3 of C60 was stuck 
to the thickness of 300A, and the semiconductor device was produced. They are 
wavelength;400nm and optical on-the-strength;7 mW/cm2, impressing the electric field of 10V to 
this component. When the homogeneous light was irradiated, the photocurrent of 55pA was 
detected. It is optical reinforcement 0.1, 0.5, 1.0 and 2.0, and 5.0 mW/cm2 When it was made to 
change, the photocurrent also increased along with the increment in optical reinforcement. 
Subsequently, although this component was left for one month in atmospheric air, it was 
changeless to a photocurrent. Moreover, although the Scotch tape was stretched on the vacuum 
deposition film of C60 and subsequently being removed, C60 vacuum-deposition film has arrived 
at the substrate firmly, and did not separate. Furthermore, although the epoxy resin performed 
the protection coat on the front face of this component, it was almost changeless to a 
photocurrent. Therefore, the component obtained in this example of reference had the engine 
performance which was excellent as a photosensor. 
[0021] (Example 1 of a comparison) 

Like the above-mentioned example 1 of reference, on electrode 2a formed on slide glass 1 , and 
2b, vacuum deposition of the non-metal phthalocyanine was similarly carried out instead of the 
carbon cluster C60, and the thin film 3 was formed. When the same homogeneous light as the 
example 1 of reference was irradiated, the photocurrent of 1 5nA was observed. However, when 
this component was left for one month in atmospheric air, the photocurrent fell clearly. 
Moreover, when the Scotch tape was stuck and having been stripped on the non-metal 
phthalocyanine vacuum evaporationo film, the thin film of a non-metal phthalocyanine peeled 
altogether with the Scotch tape. Furthermore, when a protection coat is carried out with an 
epoxy resin, most photocurrents are no longer observed by the fatal thing. 
[0022] (Example 1) 

In the example 1 of reference, the semiconductor device was similarly produced as electrode 2a 
and 2b except using aluminum instead of gold. When the homogeneous light as well as the 
example 1 of reference was irradiated, the photocurrent of 600pA was observed. The 
photocurrent was observed even if it changed the wavelength of the homogeneous light with 
300,500,600,700nm. Therefore, it was admitted that this component could detect a photocurrent 
in a visible region from ultraviolet. Furthermore, when applied voltage was set to 100V, it was 
admitted by a photocurrent' s becoming 10 times and impressing large electric field that an 
optical large response was obtained. 
[0023] 
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[0024] (Example 2) 

The semiconductor device was produced in the above-mentioned example 1, using the cast film 
as a fullerene thin film 3. Like the example 1, using the spinner, the liquid made to dissolve the 
carbon cluster C60 in toluene was dropped, the cast film 3 of C60 was produced, the vacuum 
drying was carried out and the semiconductor device was produced at 100 more degrees C for 1 
hour on electrode 2a which vapor-deposited aluminum on slide glass 1, and 2b. 1V are impressed 
to this component and they are 400nm and 5 mW/cm2. When the homogeneous light was 
irradiated, the photocurrent of 425pA was observed. 
[0025] (Example 3) 

The semiconductor device which has the configuration shown in drawing 4 was produced. Width 
of face of 0.5cm and die length of 3cm were etched with the hydrochloric acid on 3cm 2cmx 
indium tin glass (ITO glass) 1, the conductive film was removed (part equivalent to 1 in drawing 4 
a), and the conductive remaining film was made into indium oxide (ITO) electrode 2b. On this 
electrode 2b, the polymer distribution film 3 of C60 was produced for the dispersion liquid (60; 
20mg of C, vinyl acetate;20mg, ethyl acetate; dispersion liquid which put the glass bead into 
200mg and were distributed with the paint shaker for 1 hour) which made vinyl acetate / ethyl- 
acetate solution distribute C60 using bar coating-machine #10. The vacuum drying of this film 3 
was carried out at 100 degrees C for 1 hour. Thickness was 1 micrometer. Subsequently, 
aluminum (width-of-face [ of 0.5cm 1 die length of 1.5cm) electrode 2a was formed with three 
pieces and vacuum deposition on this film 3. From the function generator, the triangular wave of 
-2V to +2V was impressed at a scanning speed of 0.001Hz between this indium oxide electrode 
2b and aluminum electrode 2a. The current-voltage characteristic at this time was shown in 
drawing 5 . The rectifying action was shown so that clearly from drawing 5 . On this component, 
although 3 sets of electrodes were formed, the repeatability was good. Moreover, even if it 
carried out the protection coat of the whole with the epoxy resin, the current-voltage 
characteristic hardly changed. Therefore, it was admitted that this component was an 
outstanding rectifying device. 
[0026] (Example 4) 

In the above-mentioned example 3, except having replaced with the indium oxide electrode and 
having prepared tin-oxide electrode 2b by using NESA glass instead of ITO glass, when the 
semiconductor device was produced similarly, this thing showed the good rectifying action like 
the thing of an example 3. 
[0027] (Example 2 of a comparison) 

In the above-mentioned example 3, the semiconductor device was similarly formed except using 
a non-metal phthalocyanine instead of C60. Also in this case, the rectifying action was shown 
similarly. However, when a protection coat was carried out with an epoxy resin, the rectifying 
action decreased greatly. 
[0028] (Example 5) 

The semiconductor device which has the configuration shown in drawing 4 was produced. Up 
0.5mmx3cm of the 2cmx3cm glass substrate 1 was covered, and on this substrate 1, vacuum 
deposition of the aluminum was carried out to the thickness of a 200 ONGUSU toe ROM, and it 
considered as electrode 2b (permeability of the 400nm homogeneous light; 2.18%). Furthermore, 
on this, vacuum deposition of C60 was carried out to 1000A thickness like the example 1 of 
reference, and the vacuum deposition film 3 of C60 was formed. Subsequently, on it, vacuum 
deposition of the two a3 0.5cmx1.5cm aluminum electrodes was carried out, and the 
semiconductor device was formed. When the triangular wave which is -1 V to +1 V was impressed 
to this component from the function generator (scanning speed; 0.002Hz), the current-voltage 
characteristic showed the bidirectional rectifying action as shown in drawing 6 . Moreover, 
repeatability was good about three electrodes. 
[0029] (Example 3 of a comparison) 

2000A of alpha-sesquithienyls was vapor-deposited on the top face of the glass plate 1 in which 
aluminum electrode 2b was formed, like the example 5 (20A/(second)). If it is very hard to vapor- 
deposit alpha-sesquithienyl and it is vapor-deposited slowly, it will serve as film which 
decomposed and contained many impurities. Although decomposition will decrease if it vapor— 
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deposits quickly (20A/(second) or more), an impurity is contained too. Subsequently, 
0.5cmx1.5cm aluminum electrode 2a was prepared by three-piece vacuum evaporationo. The 
triangular wave of -2 to +2V was impressed to this component from the function generator 
(0.002Hz). This component showed a rectifying action, or did not show it, and its repeatability 
was very bad. 
[0030] (Example 6) 

The homogeneous light of wavelength;400nm and on-the-strength;700 microwatt/cm 2 was 
irradiated from the glass plate 1 side at the electrode, impressing 0.1 V to aluminum electrode 2a 
of the semiconductor device obtained in the example 5, and 2b. The photocurrent of 535nA was 
observed at this time. When changing the wavelength of exposure light, the photocurrent has 
been observed to the 800nm homogeneous light. Moreover, by the homogeneous light with a 
wavelength of 400nm, when changing optical reinforcement, the photocurrent also increased 
according to exposure light reinforcement. Moreover, repeatability was good about three 
electrodes. 
[0031] (Example 7) 

The semiconductor device which has the configuration shown in drawing 4 was produced. Up 
0.5mmx3cm of the 2cmx3cm glass substrate 1 was covered, on this substrate 1, platinum was 
stuck by sputtering and platinum-electrode 2b was formed. Subsequently, the polycarbonate 
polymer distribution film 3 of C60 was formed with the spinner, and it dried. Subsequently, 
aluminum electrode 2a was formed with vacuum deposition. The rectifying action was observed 
when the triangular wave of +1 V was impressed from -1 like the example 5. 
[0032] (Example 8) 

When the platinum vacuum evaporationo film was replaced with the carbon-shadowing film in the 
above-mentioned example 7 and carbon-electrode 2b was prepared, the rectifying action was 
shown similarly. 
[0033] (Example 9) 

In the above-mentioned example 5, except using C70 instead of C60, similarly, when the 
semiconductor device was obtained and measured, the current-voltage characteristic showed 
the same bidirectional rectifying characteristic. 
[0034] (Example 10) 

In the example 7, silver electrode 2b was formed with vacuum deposition instead of the platinum 
electrode. This component showed the rectifying action like drawing 5 similarly. Moreover, the 
photocurrent was observed when on-the-strength 1 mW/cm2 and the 450nm homogeneous light 
were irradiated from an aluminum electrode side. 
[0035] (Example 11) 

In the example 7, copper-electrode 2b was formed with vacuum deposition instead of the 
platinum electrode. This component showed the rectifying action like drawing 5 similarly. 
Moreover, the photocurrent was observed when on-the-strength 1 mW/cm2 and the 450nm 
homogeneous light were irradiated from an aluminum electrode side. 
[0036] (Example 12) 

In the example 3, instead of ITO glass and an indium oxide electrode, when others were 
performed like the example 3 using what formed zinc-oxide electrode 2b by sputtering on the 
glass substrate 1, the same rectifying action was observed. 
[0037] (Example 13) 

The same component as an example 5 was formed. First, after forming aluminum electrode 2b on 
a substrate, it once took out in air and was left under the room temperature for 24 hours. Then, 
it put in in the vacuum evaporation system, vacuum deposition of C60 was carried out to 1000A 
thickness like the example 5, and the vacuum deposition film 3 of C60 was formed. Then, two 
pieces were vapor-deposited for 0.5cmx1.5cm aluminum electrode 2a, one piece was vapor- 
deposited for the golden electrode, respectively, and the semiconductor device was formed. The 
permeability of electrode 2a (aluminum, gold) and 400nm homogeneous light of 2b was 2%. After 
component formation, also when the current-voltage characteristic of -1-+1V was measured 
immediately, and electrode 2a was any of aluminum and gold, a rectifying characteristic like 
drawin g 5 was shown. Moreover, when 1 V were impressed between electrode 2a and 2b, 2 was 
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irradiated at aluminum electrode 2b and the homogeneous light was irradiated at the wavelength 
of 400nm on the strength of 5mW/cm, as compared with the time of irradiating the same light as 
aluminum electrode 2a or golden electrode 2a, the about 25 times as many photocurrent as this 
was observed. When argon etching of this component was carried out from the electrode 2a side 
using ESCA and the presentation of the membranous thickness direction was analyzed, it was 
admitted that the aluminum oxide existed in the interface of C60 film 3 and aluminum electrode 
2b. 

[0038] (Example 2 of reference) 

Commercial crude soot was refined and C60 and C70 were obtained. First, 4g (vacuum 
metallurgy incorporated company make) of crude soot containing fullerene was put into the 
extraction thimble, and it extracted by n-hexane;200ml for 24 hours using the Soxhlet extractor. 
Subsequently, the solvent was changed into mesitylene;200ml and the extract was performed for 
further 24 hours. When the first n-hexane solution was analyzed by liquid chromatography (silica 
gel - n-hexane), the ratio of C60:C70 is 9:1 and did not contain most of 70 or more C fullerene. 
The ratio of C60:C70 is about 6:4, and the mesitylene extract was carrying out variety content of 
the 70 or more C fullerene. n-hexane extract was condensed by the evaporator and 0.26g 
fullerene mixture was obtained. Using the ODS column, the mixed solvent of a 2-propanol / 
toluene;6/4 was used as the developing solution, and 0.21 g and 0.02g of high grades C70 were 
obtained for the high grade C60 using inside low voltage preparative chromatograph. The 
mesitylene extract was condensed by the evaporator and mixed fullerene 0.1 3g was obtained. It 
isolated preparatively by the chromatograph similarly and mixture;0.01g of 60; 0.07g of high 
grades C, 70; 0.04g of high grades C, and other fullerene was obtained. Mixture contained C76, 
C78, C84, and fullerene with still larger molecular weight from GC-MS analysis. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is what showed the semiconductor device of this invention, and an example of a 
circuit, and is the sectional view where (a) meets a top view and (b) meets the A-A line in (a). 
[Drawing 2] It is what showed the semiconductor device of this invention, and an example of a 
circuit, and is the sectional view where (a) meets a top view and (b) meets the A-A line in (a). 
[Drawing 3] It is what showed the semiconductor device of this invention, and an example of a 
circuit, and is the sectional view where (a) meets a top view and (b) meets the A-A line in (a). 
[Drawing 4] It is what showed the semiconductor device of this invention, and an example of a 
circuit, and is the sectional view where (a) meets a top view and (b) meets the A-A line in (a). 
[Drawing 5] It is the graph which showed the example of the current-voltage characteristic of 
the semiconductor device of this invention. 

[Drawing 6] It is the graph which showed the example of the current-voltage characteristic of 

the semiconductor device of this invention. 

[Description of Notations] 

2a, 2b — An electrode, 3 — Fullerene thin film 
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tschmerS?* Nature. 347-*§-. 354H(1990)^) §r^V^w 
4r^-ct5 e tt89J|c*5V*TW:, C 

[0 0 0 8] 79-i/^WIW:#«©«K*tttJ: 9W 
— *tfc (1 9 8 4) §) , 5X10' 5 tor t £XT<D 

ix£ 0 :©77-i/>'fi©RSHB(j:^t*e$36 
77-^^I9KictoTt>4^ 



[0009] ^r^^hKii, mfLtzyy— ls^m&*<>' 

MR, n ^*^lc*»"fftttJt«:*iJ«i-*t>0 

So 

[ooio] »twwt, «*.r**y-^-o»« 

fb#y ^;l/*©7y*ft^y -r— , ^fl/y-7W 
[0 0 11] 7 9-u^<D«^^»«cttSr3l#mi-^ 

nix* tt*BB*wh*v^y*-i>A, -<y y *i* N ^-hy 
mM>WJ»~~mt*x («t«iTo^7^) , ■ 

T/u-^*-^ ><^v?^ix % ^>fb^X 
(WttfNESA^7^» NESA3-F^y-7- 
R) . ■Mb-f^^A (MtflTO^^ ITO^ 

-h^y-^-R) , ifcfbM»*5J:r/«*3ft5»*Lv\ ¥ 



(4) 

5 

^£ LTSfcl£H*LV*t>©i:ft5. — ft-tr^U— 

[0012] un* tft*s* mm, m 

TSimtm^o («*.« 20 

[0 0 13] urii, «x.tfW!S*)5 

*y^#**V^««j&S/hS<ft30re, lmm^T 
< ft 9 , ftJE«## b ix« ^T»a-C 

-0. lyo^jss^fflv^bns^, ir* 
o%— 0. i%<Dvm&#M\z-m^bti&o 

[0014] SfciWIftf^JridttS^^-i/yiWi 
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-1 0 0 m m<0«5H^»S-CS> 0 , 4»fcff*L<W\ 2 
0 0^->-^^ hP-^- 1 0 MmluM^n^e 

[0015] miSSLfci 5477- u^SBIisJ;!* 

v^RBtio Ell-4{iv^tb 1 b*^^¥^^ 
«*r»Ufct>0"e*>*o Hli3J:t^ig2ttv^TtH> 

t>OT\ (a) (b) tt (a) $><DA-Am 

^»5»ffiHT?*>« 0 mt^littellE 2 a, 2 

bte«ii, 3fi^7 — 4i*i£8MKR* 5Wc« 

2oWi(DtlS2a, 2 biB*. ^ y^Sr^T L 

^S*R3jWgj££;fL-Cl^o iffi2a, 2b(4I 

j««*4*5J:t^«SIEt^5S:^U-Cttj|J^S^^Tv^5o £b 
fci&WcJSCT, 7 7-u^3?:S5tef^y-7 

^r^-C^^o fcSVM*. HI2 (b) <Di5^l6»S«l 

Mi2a, 2 b£|£ttfc»J&£^S::£ t>T*#5 0 - 

—b\^xmmzm^z>zt&-c%.mM2ii t 2 b \cm 

[0 0 16] H2JC=¥ir3/^««S:^V^**WO^* 

*6»S«l_bi-^7-w^*K3^^$ix. ^_h® 
ic2o^ftriS2a, 2 basRtte>jh/Cv^ 0 ^btc 
iftBIOSCT, *B2 a, 2b*5j;{;77-^ii3 

««K«r»«r5ctt-e*So &sv^ hi (b) 

co J: ?lcjf&ftSm±l-Wm®2 a, 2b£RH\ * 

(D±w\z7 7 - i">mm 3 «»a t ^> w h 

[0 0 17] H3*3J:t5ig4tt-9"^ hV vrmMtm^ 

ti*m»m^-<om$:?FLith<ox^ (a) nvBH, 

(b) It (a) *OA-Aj»(C«5»rffiHT«)So H3 
^fhtzS^XDmi (DWM2 a, 2 a, 2 a ^WfJ-^tt 

b*t, &mmmi&£T*^titbmi<nwfc2 a> 2a, 

2 a 7 — ^^#«3^JBj«$iX, ^<bf--CT) 

yy-^ 3 J:i:MWi:^ $ Hfc 3 2 o 
li2b, 2 b, 2 b35S3pfff-, 3&>o±|BfBl^««2 



(5) 
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a, 2 a, 2 a b\&&+& £ 1 fc&ft btlX^Z. £b 
\Z&mzfcCX. m 2<DMM2 b, 2b, 2b^ctt/7 

iM, ECD^<^»£*T5;L£a s T#6o 
[0 0 18] B4 ttty hV ti«rfflv^*»Bo 

ffi 1 *3 2 <£>®S 2 b ii®IC77-Uy»B 3 ^ 
J**iX^JBl <0ttl£2 a, 2 a, 2 a ££Rftt ktvTl^ 20 

3 0 ioJH©1B2 a^JRtt, i^i:60tetctf>gfcfcR 

-cfc<, r> »n«v^ft«»R-et)J:v^ m2 
<nmm 2 b mm 1 ±®o-*^jsiR«p la^tt 

*VNffirWC^$tl, mi<OW&2 a, 2a, 2 a «\ 
ftfc»«UfcJB2©«B2 bcDg^frfafilfliteSU 
:o»2 tf)fi^ 2blH ±|EI6»SS 1 OM^SP 1 a 

1 (Dfflai*3 it/S2 <Dmffia> & OBRa*fi»r * ^«-g* 

2 a, 2 a, 2 a *3«fctf:7 9 — l^WR 3 ±|£jfft»tt# 
[0 0 19] JiEStlltWO 

[0020] 

0. 1 0mm. mt-^-yy/lOfi, ®SI^S 5 
0mm©IOfig2a, 2 b frX£3R*lCfc 9 »tit L 
£:„ ®f£ 2a, 2 b \Cte&&1&m U 5X10 " 5 tor 
r ^TT5 0 OJ-lsS* b & — J*CD&£\Z.%tffz 0 
:<OlS2a, 2bi»ricU^7^ K#7*l£rK£ 
^^§icr)T^^^U^^±2 0 cmldg^ t*:/^ so 



7^^C6 0 $rT^^^-K^ x >^^AtV5 x 1 o 6 t o 
r r ^K^Tt* 5 2 0-5 5 0 'ClcanlR L&ri* <bS£3i L 
(5 ho-V9) , C6 0^1fl3Sr 

3 0 o*>y* bv-j»<DW.£\zmv, *m#m*$:ft 

I;4 0 0 nm, ft&g ; 7 mW/ c m 2 (D^^m 

itu^r*, 5 5 p Avytmjt&tsimztiito ttt&m. 

£0. 1, 0. 5, 1. 0, 2. 0, 5. OmW/cm 
Kilii-fen^-^Srttt), oV^JWaftS Lfctf*. C60S 

[0 0 2 1] (Jttt« 1 ) ±ia*16«l 1 £ LT, 
^7^K^7^1±i:»filcLtt8i2a, 2b_h(C, # 
-vf>^7^^C6 O^ftt?^ tC^^M^^ n >r^^ 

t kj if mm s jxtt < &o 

[0022] dtJt«2) niteCTi m*3v^ m^2 

a, 2 b t Lt, ^Oftt?!9 ICT/^^^ASrffiffitS 

TO:LT*M^iltLfci:I5, 6 0 0pAO3ti 
«36S«jHJS^o *fe3t^>jft*S:3 0 0, 5 0 0, 6 0 
0, 7 0 0nmi:«ft^Tt, 3t«flE««afl$n^o 

100Vi:t5^ illlil 0flffi:*D, ^C^V^* 

[0 0 2 3] (^ffi«3) H2(OTlfcM$:t«^ 

tttilU ?SftS:»*Lfc7 7 

-UVil^ft (a^a-7h^77^-»«ft(iC6 0 
£8 0%, C70^1 9%-g-^TU 1%I2C 7 0^X 

0*>i?X b n — ^cOJl^icS^^L. 77- l">1£ 
l3«:MLfco oV>T, ^iry^Wl 0 ^ nu 1 
0mm^y^i7Aig2a, 2b^S^^lC < tt)^ 
SLT**ffSf^»lfc Q ^^^^m^llwl 0 VC0 



(6) 
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mm&ftlUUl^ Sl4 0 0nm, 5 mW/ c m 2 CO 

¥fe**:l»WLfcfcr5, 4 0 0 pAOJte«fo5MR«IS 
*bfc. 

[0 0 2 4] (HJ£#|4) ±BJtJl5«2^*3V^T, ^ 

T^~£A£3S*LfcBffi2 a, 2b±l^ 

fcfliV^ C6 0©^rt^M»3S:ltm £ 

SUfcc Ztom^Z 1 VtrRliDU 4 00nm, 5 mW 
/cm 2 CT)^3fe^SS.Mbfc^^^, 4 2 5 pAc03t® 

[0 0 2 5] i4i:^LfcM^tt5^ 
***-TF*rfRRLfc 0 2cmX3cmC>fy^X 
#7* (ITO^f7^) l-bJCSSl^T* MO. 5 cm, 
fi^ 3 cmMTxyf y^LT91M^^ m 
4*1 a fcfcMtt-*»5W U » 5 ©**ttBtSE:IMb-r 
>^£J>> (I TO) t*2bi:Lt, rc7)®@2b_b 

tc, c 6 o zmm¥~^/mm^smm\^nt$^tz 20 

(C6 0 ; 20mg, m»lf=/U ; 2 Omg, S 
^in^vu; 2 0 0mgl^7^^ XSrAM^f >- b 
-C1^IB»*L^««) — # 1 

mffcofco OV>T, wC0^3 Jb^T/I^ — *A (41 
0. 5cm, ftSl. 5cm) ti2a$r3j| > JCStR 

^■)A1®2 aWf B 1l:- 2 Vj&*fe+ 2 VCOH^gc^r^ 

T V^^h i^ai^U— ^ J: 9 , 0. OOlHz^^E- 30 

3»<D«&&s»/£Sft-tv^j&s, -to 

[0 0 2 6] (JIJS«6) ±|BjtllS«5^*3V^r. IT 
T\ IMb>r^^*^««^ft*.TIMfc^X«S2 b£fS: 40 
O <Z> ttHJ609 5 <D fc co £ U 

[0 0 2 7] 0fctfc«2) J:1EjHlt«5lC*5V^, C6 

[0 0 2 8] (3SK«7) H4I^Ufc«*S:*-r6* 
^KMIi^SrfEHLfco 2cmX3cm^7^Sil^ so 
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±£B0. 5mmX3cm?:im r coS^ 1 _k\£T/l> 
Tiffi2btUc (4 0 0nm©*fe*^ail*; 2. 

18%) o sbfcro±icjatflfii ^iiatc 6 o 

£1 0 0 O^?* hn— A<aB»fcH£«S#U C6 
0WS^I»g3S:MLfc e oV^, ^cO_btC0. 5 
cmx 1 . 5 cm^T/U^^^^fga a 3fi£K3£^ 

(^-r^f— K ; 0. 0 0 2 Hz) ftSt 

[0 0 2 9] (Jt««3) **«7 ^H«ICUT, TA- 
>^[>Ati2 b SrJgfifcLfc:;<f7*ttl £>_bffifc:, a- 
■fe^^3in/u^2 0 0 O^^X hn^If Lfc 

(2 0ty^hn-V^) o a— ir^^^A- 

M< (20t^Fn 
TH®}$:^&-fZ>o oV^-C, 0. 5cmXl. 5 c m<0 

^^bffJPUyt (0. 0 0 2Hz) 0 rco^^ x 

[0 0 3 0] (ftttftl 8 ) 7 ■CfbtlfcMft* 

^cOT/U^^^^m^2 a, 2bll0. lVfcSlOLft 
^5ib, ^7^fil»^, ti«fi;4 0 0nm, 3fi 
; 7 0 0 mW/c m 2 c0^3t^^MUfc e CltOBt. 

5 3 5 n A&ytmmmmts tifto fmyto&L&z&fc 

ZltlZbZ, *t«H8 0 0nm©*fe*S^ 

#to 400nm©8WfiX^ 3t»ffSr3E 

fc e 3^@com®^cov^T^m^{i^^^T*fcofco 

[0 0 3 1] (Hlfi«9) H4I^Ufc*j4Sr»t6 a l i 
^ftSf^SrfftRbfeo 2cmX3cm^7^ISl^ 
_h£B0. 5mmX3cm!:ilU r 1 iilC 6& 

P aitff2b^Mlfc e o 

v>t*c 6 oo#y h^y -e— ^»^3^^t e 

+ lVO=^ttS:BMniU*:i:r5, S%tt^«flISix 

fee 

[0 0 3 2] (»t«10) ±RSafc«9JCi3V^&4 

fe^r^>, iRl«tcSSEi±*^Ufeo 

[0033] (^js^j 1 1 ) ±mmmm 7 ^cjov^T. c 

6 OOftfclUcC 7 0«r«V^K^ttW*«CLT, 



(7) 
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[0 0 3 4] (3S1SM12) *Jfi«9ICi3V^T, 
7;U; ^ !^ i !J M 1 mW/ c m 2 , 4 5 0 n 

[0 0 3 5] (3S160I13) Sifi«9ic*3v^'r. 

wO*-¥-t>Hiailc:H 5 o*n< Ufc. 
T^^s^^SttHIJ: ^SlmW/cm 2 , 4 5 On 

[0 0 3 6] mi&M 1 4) SOtfflSlC&l^T,, I TO 

#7**3 * tranter ^wj*wm<ovtt> *> \^ #?*m 
[0037] mmm 1 5 > mim 7 * RHXttx-?-£r& 

-I^fCiDfflU *»T»C2 4WIBSWU 

TC 6 0£l 0 0 O^^* he — AORWcJE^K* 20 
LC6 0^Sfl3^U, 0. 5 

cmXl. 5 cm(D7^^ l >Alg2 a!r2l, 

i2a (TA-^~£i», , 2b(^)4 0 0nm|M 
2 SmftMK K*>tC-l- + 

1 VOSa£-«JE#tt^ai«Ufc^r^, i*2a^7 

^(7)V^tb<7)4&^(Ct>ia5<Di 5fc8SfE4# 
tt€r^L^o ig2at2b(Z)finv^j!ll] 
U 7/^; = !)^®i2 b CaS5mW/cm 2 , ftft 
4 0 0nmlC*MS:ilttfci:w5> TVU £ = 30 
<12 a fc£VM2&®®2 a JCK]«0*Srfl8it Ufc # 
*L-C*&2 5fflF<0*««IE^«asnfe. **fS:ESC 

Koj»S*rtKO|ftrt"«r»«fUfctr^, C60I3^7 
^ n * Am® 2bt <D #ffif£T /U i^i^J/^# 

[0038] (#%«) miR03f&®-r-r £ft§s uce 
nm-r-r (Xffi***ft*ttw 4gtn«»«i^ 

*U yy^^l/-ttta»S:fflV\ n-^^ri^^; 2 0 0 40 
m 1 T*2 4^natHU/to olv<\ SiEty^uy; 

2 0 0mll:8IU »£2 4ttlBttWfctTofc 0 #J#> 

/U—n -^^rlJ->0 -CMUi:^ C 6 0 : C 7 0 
(Difchi: 9 : 1-C*>9, C 7 0 ^_L<D:7 7- i^SrtS <^ 
t'ttlTV^/i^oto C6 0 : 

C 7 0C0ifcl*jfo6 : 4"CJb^ C7 0W1(D77-^ 

*"C»«SU 0. 2 6g©77-^l*»!r#fc. O 
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DS*7^^V\ 2— t/oxV— /U/ h^^V ; 6/ 
£fl!^T. ii5if$gC 6 0£0. 2 1 g , HijifcfS C 7 0 £r 

0. 0 2g#^ o ^^u^ttmasr3i/<*u— ^-cai 

h^77tMlt^ iSif3fiSC6 0 ; 0. 0 7g,i^jf5& 
SC70;0. 0 4g,^l77-uyg^ft; 
0. 0 1g5:St GC-MS^»^)C7 
6, C7 8, C8 4^J:0 t 3Ei^-^*O**V^9 — U 

[0 0 3 9] 

77-i/yiIfcJ:^:ii^t5 2o^±of 

fc-ch&m-etZo ifc^ox, 77-i/>i«i 
t#^77-uy»I$:lv^:^aoT, 

[Hffio«*4R«] 

O-C, (a) tt¥®Ek (b) tt (a) ^COA-Aj^lC 

[0 2] *»«^¥Wfl** fc HJE§<D-0iJ£^; Lfc fc 
O-C, (a) te¥ffil2, (b) tt (a) ^^A-Aj^l- 

[0 3] *«Ha¥WfHIHF fc 0i^cD-«^^ Lfc t> 
<D-V % (a) Ji^pffiH, (b) (a) ^A-AjgUC 

<OT\ (a) tt¥BH, (b) i* (a) ^^A-Aj^l- 
[H 5 ] *^^^^»»*^oaa£-«E«Ftt^Ca|$r 

^lfcy77"Cfc5o 

id 6 ] *&m<n¥mftmT<Dmm-w£ft&(OM& 

^Ut>/77t»$)^ 

2 a, 2b-tl, 3-77- ^^iB 
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[■4] 




